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(57) ABSTRACT 

The invention is a thermal insulation tile for providing ther 
mal protection of the external surface of a vehicle. In detail, 
the tile includes a rigid ceramic core having top and bottom 
surfaces, side surfaces and parallel front and rear surfaces at 
a 15 to 45 degree angle to said top surface. A cover completely 
surrounds the core and is bonded thereto. A plurality of rigid 
rods extends through the core and the cover and are bonded 
thereto. The rods are at an angle of betWeen 10 and 30 degrees 
to the top surface of the core, With the angle thereof in an 
angular direction opposite to the front and rear surfaces of the 
core. 

16 Claims, 2 Drawing Sheets 
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THERMAL PROTECTION SYSTEM FORA 
VEHICLE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to the ?eld of thermal insulation 

systems and, in particular, to a thermal insulation system for 
use on high speed aircraft or spacecraft. 

2. Description of Related Art 
High speed aircraft, (Mach 4 and above) and spacecraft, 

like the space shuttle, Which is subjected to extreme heat and 
aerodynamic loads upon re-entry into the atmosphere, require 
thermal protection systems. The space shuttle uses a heat 
resistant nose cone and special treatments on the leading 
edges of the airfoils. Typically, this material comprises a 
carbon matrix reinforced With carbon ?bers. HoWever, 
ceramic tiles are used elseWhere along With thermal blankets 
as disclosed in US. Pat. No. 4,151,800 Thermal Insulation 
Protection Means by R. I. DottZ, et al. and coated Nomax® 
depending upon the severity of heating. The ceramic tiles or 
bricks are bonded to the aluminum fuselage With gap ?ller 
material there betWeen. While these tiles have Worked suc 
cessfully, on future vehicles, stronger and more damage resis 
tant tiles are desirable. 

US. Pat. No. 5,741,574 Truss Reinforced Foam SandWich 
and US. Pat. No. 5,624,622 Method Of Forming A Truss 
Reinforced Foam Sandwich Construction both by J. S. 
Boyce, et al. disclose a foam core sandWiched betWeen face 
sheets. The foam core is reinforced With toW members 
extending there through and retained by the adhesive bonding 
the face sheets to the core. While the concept of reinforcing 
the foam core is useful, the sandWich construction is not 
suitable for use as a replacement tile on vehicles such as the 
space shuttle or future versions thereof. What is needed is an 
improved tile that is stronger, but light in Weight and provides 
increased resistance to aerodynamic abrasion. 

Thus it is a primary object of the invention to provide an 
improved tile for use on high speed aircraft or spacecraft that 
is structurally stronger than existing tiles. 

It is another primary object of the invention to provide an 
improved tile for use on high speed aircraft or spacecraft that 
is structurally stronger than existing tiles and is still light in 
Weight. 

It is a further obj ect of the invention to provide an improved 
tile for use on high speed aircraft or spacecraft that is struc 
turally stronger than existing tiles, light in Weight, and pro 
vides increased resistance to abrasion. 

SUMMARY OF THE INVENTION 

The invention is a thermal insulation tile for providing 
thermal protection of the external surface of a vehicle. In 
detail, the tile includes a rigid ceramic core having top and 
bottom surfaces, side surfaces and parallel front and rear 
surfaces at a 15 to 45 degree angle to the top surface. Prefer 
ably, this angle is betWeen 25 and 30 degrees. A cover com 
pletely surrounds the core and is bonded thereto. A plurality 
of rigid rods extend through the core and the cover and are 
bonded thereto. The rods are at an angle of betWeen 10 and 30 
degrees to the top surface of the core, With the angle thereof in 
an angular direction opposite to the front and rear surfaces of 
the core. Preferably, this angle is betWeen 15 and 25 degrees. 
The top surface and at least a contiguous portion of the front 
and rear surfaces as Well as the side surfaces of the covered 
core is coated With a high emissivity coating. 
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2 
Preferably the core is made of alumina/silica and oxide 

based ceramic ?bers. The rods are made of ?lamentary mate 
rial. The cover is made of alumina/silica ceramic materials. 
The coating is made of glassy ceramic materials containing 
dark colored ?ler material. The tile Would be bonded to the 
surface of the vehicle by an adhesive and gap ?ller betWeen 
the individual tiles. 

Such a reinforced tile Would have increased strength, While 
still being light in Weight. Because of the angled front and rear 
surfaces, its resistance to abrasion, especially betWeen the 
tiles Would be greatly reduced. 

The novel features Which are believed to be characteristic 
of the invention, both as to its organiZation and method of 
operation, together With further objects and advantages 
thereof, Will be better understood from the folloWing descrip 
tion in connection With the accompanying draWings in Which 
the presently preferred embodiment of the invention is illus 
trated by Way of example. It is to be expressly understood, 
hoWever, that the draWings are for purposes of illustration and 
description only and are not intended as a de?nition of the 
limits of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a split platform vieW of a space shuttle vehicle 
shoWing both the upper and loWer surfaces thereof. 

FIG. 2 is an enlarged vieW of a portion of the spacecraft 
shoWn in FIG. 1 

FIG. 3 is a cross-sectional vieW of FIG. 2 taken along the 
line 3-3. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to FIGS. 1-3, the spacecraft, generally indicated 
by numeral 10 includes a fuselage 12 With a nose portion 14 
Wings 16A and 16B having leading edges 18A and 18B, 
respectively. It is typical in such vehicles that the nose portion 
14 and leading edges 18A and 18B of the Wings 16A and 16B 
require specialiZed assemblies designed to absorb the most 
severe temperatures, such as carbon matrix/ carbon ?ber com 
posites. HoWever, the remainder of the spacecraft 10 can be 
covered in thermal blankets 20 as disclosed in US. Pat. No. 
4,151,800 Thermal Insulation Protection Means by R. I. 
DottZ, et al. or a special tile 24. The remainder of the surfaces 
are covered With coated Nomax.® felt. 27. Referring particu 
larly to FIG. 2, the tiles 24 are staged to provide a discontinu 
ous gap 26 betWeen the tiles in the direction of air?oW, indi 
cated by arroW 28. 

Referring particularly to FIGS. 2 and 3, the tile structure 24 
includes inner ceramic core 30 made of alumina/ silica and 
oxide-based ceramic 8 ?bers. Such core 30 material is avail 
able from Forrest Machining Incorporated, Valencia, Calif. or 
ATK/COI Ceramics, San Diego, Calif. The core 30 includes: 
parallel top and bottom surfaces 32A and 32B, respectively; 
and parallel side surfaces 34A and 34B. The front surface 36A 
and back surface 36B are also parallel to each other, but at an 
angle 38 of betWeen 15 and 45 degrees to a normal line, 
indicated by numeral 39 to the top surface 32A, such that front 
and rear surfaces slant aWay from the direction of air?oW 28. 
Preferably, the angle 38 is betWeen 25 and 30 degrees. 

Installed through the core 30 are a plurality of rods 42. The 
rods 42, Which are typically 0.020 inch in diameter, but can 
range up to 0.040 inch in diameter, are composed of oxide 
based ceramic ?bers. For example, 3M Corporation Nextel® 
720 mullite ?bers, although other ?bers such as Nextel® 312, 
440, or 610 can be used. The process for installing the rods is 
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described in US. Pat. No. 5,741,574 Truss Reinforced Foam 
Sandwich and US. Pat. No. 5,624,622 Method Of FormingA 
Truss Reinforced Foam Sandwich Construction both by J. S. 
Boyce, et al. noW herein incorporated by reference. In sum 
mary the core is drilled With holes at the appropriate angles, 
impregnated toW material (coated ?lamentary material) is 
installed in the holes and the assembly is heated to a curing 
temperature. At this point the rods are rigid and protrude 
slightly out of the core 30. 

The core 30 With rods 42 installed is encapsulated 
(Wrapped) With a cover 50 such that the rods protrude through 
the over. The Cover 50 is composed of a ceramic matrix 

composite (CMC) material to create a hard protective shell. 
The CMC is an oxide/oxide ceramic composite that is nor 
mally reinforced With Alumina and Silica material ?bers. For 
example 3M Corporation Nextel® 312 or 720 ?bers. Suppli 
ers of cover material 50 are ATK/COI Ceramics and Applied 
Poleramic, Incorporated, Benicia, Calif. The matrix is formed 
using sol gel materials or other precursors provided by the 
CMC suppliers, such as silicone ?lled With alumina particu 
lates. The core 30 and cover 50 are heated until the cover is 

fused into a rigid coating bonded to the core 30 and the ends 
of the rods 42. A typical ?ring temperature for fusing the rods 
42 to core 30 is 18000 F. If the rods 42 are properly siZed, then 
the external top surface 52 of the cover 50 Will essentially be 
smooth. If not, a subsequent machining operation to cut off 
any protruding ends of the rods 42 may be necessary to insure 
that the surface of cover 50 is smooth. 

The top surface 52 and adjacent side surfaces 54 of the 
cover 50, are coated With a high emissivity coating 56. For 
this application the coating 56 is composed of a silica based 
glassy ceramic material ?lled With dark colored particulates, 
such as molybdenum disilicide or other high temperature 
resistant ?ller. The coating is applied to top surface 52 and 
side surfaces 54 

The coating 56, depending upon the formulation is either 
cured at room temperature or heated to 935° F. or above, 
depending upon the material coating selected. The coating 56 
dramatically increases the ability of the tile to absorb and 
re-radiate energy, improving thermal ef?ciency and perfor 
mance. Suitable coating material 56 can be obtained from 
Applied Thin Films, Incorporated, Evanston, Ill. or Aremco 
Products, Valley Cottage, NY. 

The tile 24 is bonded to the surface 60 of the vehicle 10 by 
means of an adhesive layer 62. The adhesive layer 62 is 
typically a tWo part silicone based material; for example, 
phenyl based silicone With iron oxide ?ller. Providers of a 
suitable adhesive are Morton Industries, Gardena, Calif. (a 
distributor for DoW Corning) and General Electric Sealants 
through a vast number of distributors. Finally, a gap ?ller 
material 64 is inserted betWeen the tiles 24. Such gap ?ler 
materials are made of silicone containing ceramic ?bers or 
fabric. They are available from Morton Industries and Gen 
eral Electric through its distributors. 

Thus it can be seen that the above tile design can provide 
increased thermal protection because of its unique shape and 
combination of core, With reinforcement rods, and ceramic 
cover. 

While the invention has been described With reference to a 
particular embodiment, it should be understood that the 
embodiment is merely illustrative as there are numerous 
variations and modi?cations Which may be made by those 
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4 
skilled in the art. Thus, the invention is to be construed as 
being limited only by the spirit and scope of the appended 
claims. 

INDUSTRIAL APPLICABILITY 

The invention has applicability to aircraft and spacecraft 
industries. 
The invention claimed is: 
1. A thermal insulation tile for providing thermal protec 

tion of the external surface of vehicle, the tile comprising: 
a rigid ceramic core having top and bottom surfaces, side 

surfaces and parallel front and rear surfaces at a 15 to 45 
degree angle to said top surface; 

a cover completely surrounding said core and bonded 
thereto; and 

a plurality of rigid rods extending through said core and 
said cover andbonded thereto, all of said rods at an angle 
of betWeen 10 and 30 degrees to said top surface of said 
core, said angle in an angular direction opposite to said 
front and rear surfaces of said core. 

2. The tile as set forth in claim 1 Wherein said top surface 
and at least a contiguous portion of said front and rear sur 
faces as Well as said side surfaces is coated With high emis 
sivity coating. 

3. The tile as set forth in claim 2 Wherein said front and rear 
surfaces are at an angle of betWeen 25 and 30 degrees to said 
top surface of said core. 

4. The tile as set forth in claim 2 Wherein said rods are at an 
angle of betWeen 15 and 25 degrees to said top surface of said 
core. 

5. The tile as set forth in claim 2 Wherein said core is made 
of alumina/ silica and oxide based ceramic ?bers. 

6. The tile as set forth in claim 2 Wherein said rods are made 
of ceramic ?lamentary material. 

7. The tile as set forth in claim 2 Wherein said cover is made 
of alumina/ silica ceramic composite materials. 

8. The tile as set forth in claim 2 Wherein said coating is 
made from glassy ceramic materials containing dark colored 
?ller material. 

9. A vehicle subject to air?oW over its external surfaces, the 
vehicle comprising; 

a plurality of thermal insulation tiles for providing thermal 
protection of at least a portion of the external surface of 
vehicle, the tiles comprising: 

a rigid ceramic core having top and bottom surfaces, side 
surfaces and parallel front and rear surfaces at a 15 to 45 
degree angle to said top surface, said angle in the direc 
tion of the air ?oW over the surface; 

a cover completely surrounding said core and bonded 

thereto; 
a plurality of rigid rods extending through said core and 

said cover and bonded thereto, said rods at an angle of 
betWeen 10 and 30 degrees to said top surface of said 
core, all of said angle in an angular direction opposite to 
said front and rear surfaces of said core; 

a layer of sealant on said side surface and said front and rear 
surfaces for sealing said plurality of tiles together; and 

a layer of adhesive on said bottom surface of said plurality 
of tiles bonding them to the external surfaces. 

10. The tile as set forth in claim 9 Wherein said top surface 
and at least a contiguous portion of said front and rear sur 
faces as Well as said side surfaces is coated With high emis 
sivity coating. 

11. The tile as set forth in claim 10 Wherein said front and 
rear surfaces are at an angle of betWeen 25 and 30 degrees to 
said top surface of said core. 
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12. The tile as set forth in claim 10 wherein said rods are at 
an angle of between 15 and 25 degrees to said top surface of 
said core. 

13. The tile as set forth in claim 10 Wherein said core is 
made of alumina/ silica and oxide based ceramic ?bers. 

14. The tile as set forth in claim 10 Wherein said rods are 
made of a ceramic ?lamentary material. 
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15. The tile as set forth in claim 10 Wherein said cover is 

made of alumina/ silica ceramic composite materials. 
16. The tile as set forth in claim 10 Wherein said coating is 

made of glassy ceramic materials containing dark colored 
?ller material. 


